in humans focus primarily on intraocular infections and, more recently, infections in AIDS patients. 5, 14 The high number of susceptible hosts and various methods of transmission, both natural and experimental, should make this zoonotic agent a consideration in areas where definitive and intermediate hosts are present. is suspected to have a larger worldwide distribution. The parasite was first isolated in vitro from dogs in 1988 5 and subsequently from 3 additional canine cases. 1, 4, 7 Neospora caninum was first isolated in cattle from aborted fetuses in the USA. 3 Since this initial isolation, 3 more isolates in the USA, 2,3,10 1 isolate from Sweden, 13 and 1 isolate from Japan have been reported. 15, 16 In these reports, cell lines such as bovine macrophage, bovine aortic endothelial cells, and monkey kidney cells were used for parasite isolation from bovine tissues infected with N. caninum. Considering the large number of bovine neosporosis cases throughout the world, relatively few successful isolations have been report-ed. This is partly due to the technical difficulty of isolating the parasite as a result of the fetal autolysis and the small numbers of parasites within the neurological tissues. 3, 16 In previous studies, immunodeficient mice, such as mice given 4 mg of methylprednisolone acetate, 9 nude mice, 14 and knockout mice deficient in gamma interferon 6 developed fatal neosporosis. Nude mice inoculated with brain and spinal cord tissue obtained from an aborted fetus infected with N. caninum grew emaciated and tetraplegic with tachyzoites in the inflammatory foci of the peripheral nerves, skeletal muscles, and central nervous system. 12 Tachyzoite densities in the brain tissue of the infected mice were higher than those observed in aborted bovine fetuses or congenitally infected calves. The objective of this study was to use nude mice to propagate and concentrate tachyzoites, increasing the chance of successful isolation of bovine Neospora.
Between 1995 and 1997, 3 calves (calves 1, 2, and 3) whose precolostral Neospora titers were Ͼ1:800 by the indirect fluorescent antibody test (IFAT) and 1 stillborn calf (calf 4) suspected of having Neospora because its dam had a high antibody titer (1:400) were necropsied at 3 separate livestock hygiene centers in Japan. Samples were aseptically taken from the brain and spinal cord and were placed in phosphate-buffered saline (PBS) containing 100 U/ml penicillin G and 100 g/ml streptomycin (PBS with antibiotics) and kept at 4 C. The tissue samples were inoculated within 2 days into nude mice either at Tottori University or the National Institute of Animal Health, Tsukuba, Japan. The remaining portions of brain and spinal cord were fixed in 10% phosphate-buffered neutral formalin, and paraffin sections were stained with hematoxylin and eosin (HE).
The 6-to 10-week-old athymic nude mice (BALB/cA JC1-nu) that were to be injected with tissue samples were purchased from a commercial breeder. a Mice were housed individually and were fed irradiated feed and water ad libitum.
Stationary monolayer cultures of bovine aortic endothelial cells (CPAE: CCL209) b and monkey kidney cells (VERO: CRL6318) b were maintained in minimum essential medium (MEM) c supplemented with either 10% equine serum d to maintain VERO cells or 10% fetal bovine serum d to maintain CPAE cells. The media was supplemented with 4 mM Lglutamate, e 100 U/ml penicillin, and 100 g/ml streptomycin, MEM vitamin solution, f MEM essential amino acid solution, f and MEM nonessential amino acid solution. f Parasite-infected and uninfected cultures were maintained in 25cm 2 flasks and incubated at 37 C with 5% CO 2 . Culture medium was changed 3 times weekly.
Approximately 50 g of bovine tissue was ground thoroughly with 40 ml of PBS with antibiotics, filtered through sterilized gauze, and centrifuged at 350 ϫ g for 5 minutes. The supernatant was discarded and 0.2-1 ml per mouse of the sediment (equivalent to 1.5-8 g brain tissue) was inoculated into 1-5 nude mice intraperitoneally.
The mice were observed every other day and euthanized by ether inhalation when severe clinical signs, such as emaciation and tetraplegia, were observed. The mice were necropsied aseptically and half of the brain was ground with mortar and pestle. Half of this homogenate (¼ of the brain) was suspended in 10 ml of medium and incubated with CPAE or VERO cells for 2-4 hours. The monolayers were washed 3 times with PBS, and 5-10 ml of fresh medium was added. Cultures were examined daily with an inverted microscope for the presence of parasites. Cultures were scraped 2-3 weeks after the initial inoculation with the murine tissues, and half of the scraped cells were transferred to the fresh full-sheeted monolayer cultures. When many parasites were identified through the inverted microscope, cells were scraped and approximately 1 ⁄ 5 of the infected cells were transferred to the VERO cells. The rest of the brain and other tissues of the necropsied mice were fixed in 10% phosphatebuffered neutral formalin, and paraffin sections were stained with HE. The immunoperoxidase technique was used to detect Neospora antigen in the sections as previously described. 11 The IFAT was used to examine the reactivities of the different sera to several parasite isolates: 1 isolate (JPA1) obtained in Japan 16 and 1 isolate (BPA1) obtained in the USA. 3 The preparations of the antigen slides were the same as previously described, 16 except that an isotonic Percoll gradient was used for parasite purification. This procedure provided a purer parasite preparation than previously described methods using size-exclusion chromatography (I. Yamane, unpublished data). Briefly, the cells containing parasites were scraped and centrifuged at 350 ϫ g for 5 minutes. Pelleted cells were disrupted by passage through 23-gauge needles 3 times and mixed with 20 ml of 30% Percoll, which consisted of 3 parts isotonic Percoll g (9 parts Percoll to 1 part 1.5 M NaCl) mixed with 7 parts PBS. Then, 5 ml of isotonic Percoll mixed with 5 ml PBS (50% Percoll) was slowly added using a 20-gauge needle 70 mm in length below the 30% Percoll solution containing parasites. Thereafter, 4.8 ml of isotonic Percoll mixed with 1.2 ml PBS (80% Percoll) was slowly added using the same needle below the 50% Percoll solution. The tube was centrifuged at 2,500 ϫ g for 30 minutes, and parasites were obtained at the interface between the 50% and 80% Percoll solutions. The parasites were washed once with PBS and used to make antigen slides. The IFAT procedure was the same as previously described. 16 Neospora-positive and -negative control sera were obtained from experimentally infected cows with isolate BPA1 as described previously. 3 Toxoplasma gondii antisera were produced by oral inoculation of a rabbit with oocysts, as described by Ito and colleagues. 8 Calf 1 had a precolostral antibody titer of 1:3,200, and Neospora cysts were observed in brain and spinal cord tissues. Five mice were inoculated with brain tissue from calf 1, and all mice showed severe emaciation or tetraplegia between 44 and 125 days after inoculation. The parasite (BT2) was observed in the brain, pancreas, skeletal muscles, and liver. The BT2 isolate was maintained by intraperitoneal inoculation of 1-5 g of infected brain, skeletal muscles, or liver in the uninfected mice. After 9 passages in mice, the brain tissues of a mouse with clinical signs of disease were inoculated into CPAE cells, and the parasites were observed with an inverted microscope 7 days after inoculation. The isolated parasite was successfully maintained in VERO cells for more than 4 months. Calf 2 had a precolostral antibody titer of 1:1,600 and lymphocytic encephalomyelitis was observed on histological examination, although tachyzoites and cysts were not identified in the tissues. Three mice were inoculated with homogenates of brain and spinal cord tissue of calf 2, and between days 52 and 55, 2 mice inoculated with 2.5 g and 5 g of brain homogenate showed severe emaciation (Fig. 1 ). Many tachyzoites (JPA2) were observed by immunohistochemistry and standard HE stains of the pancreas (Fig. 2 ) and central nervous system. One-fourth of the brain tissue from this mouse was inoculated into VERO cells. Parasites were observed 14 days after inoculation, and the JPA2 isolate has been successfully maintained in VERO cells for more than 2 months. Calf 3 had a precolostral antibody titer of 1:6,400. Lymphocytic encephalomyelitis was observed on histological ex-amination, although tachyzoites and cysts were not identified in the tissues. One mouse inoculated with 1.5 g of brain and spinal cord tissue from calf 3 showed severe emaciation 68 days after inoculation; tachyzoites (JPA5) were observed in its pancreas, lung (Fig. 3) , spleen, and central nervous system. The parasites were maintained by inoculating brain, pancreas, lung, spleen, or liver tissues into uninfected nude mice; these nude mice showed severe emaciation 42-70 days after inoculation. After 2 passages in mice, mixtures of brain, lung, and liver tissue of a mouse with clinical signs were inoculated into VERO cells, and the parasite was observed 15 days after the inoculations of isolate JPA5. After 3 passages in VERO cells, proliferation of this isolate in tissue culture flasks was much slower than other isolates (JPA2 and JPA4) with the same passage numbers (data not shown).
Calf 4 was born dead from a dam that had a Neospora antibody titer of 1:400. Lymphocytic encephalomyelitis was observed on histological examination, although tachyzoites and cysts were not identified in tissue from the dam. One mouse inoculated with homogenates equivalent to approximately 8 g of the brain tissue developed severe emaciation 180 days after inoculation. More tachyzoites (JPA4) were observed in its central nervous system compared with mice infected with other Neospora isolates (JPA2 and JPA5). Lung tissue from this mouse was inoculated into VERO cells, and the parasite from Neospora isolate JPA4 was observed 35 days after inoculation.
Reactivity of the BT2, JPA2, JPA4, JPA5, JPA1, and BPA1 isolates to different sera are summarized in Table 1 . Anti-Neospora control serum and precolostral sera from calves 2 and 3 and the dam of calf 4 reacted strongly to all antigens. Anti-Toxoplasma gondii sera did not react to any antigens.
Neospora tachyzoites were identified in all of the mouse inoculation trials using bovine tissues suspected of having Neospora caninum, and were isolated in vitro in all of the trials. Therefore, the techniques introduced here may have a higher rate of successful isolation than the direct inoculation of cultures with the bovine tissues infected with Neospora caninum. This may be because there were higher densities of tachyzoites in the tissues of the infected nude mice than in the congenitally infected calves. For example, no tachyzoites were identified in tissues of calves 2, 3, and 4; however, many tachyzoites were identified in the central nervous system, pancreas, and/or lungs of the nude mice infected with tissue from these calves. These mice also showed clinical signs of disease. Because only a limited amount of tissue can be incubated in 25-cm 2 culture flasks without being toxic to the cell monolayer, the density of the tachyzoites in the tissue may be crucial for successful isolation. Differences in tachyzoite densities between calves and nude mice may be attributable to the different susceptibilities of these animals to Neospora infections. Athymic nude mice lack functional T-cell populations, which may play an important role in suppressing tachyzoite propagation.
Brain tissue of the infected nude mice were initially used for in vitro isolation because many tachyzoites were identified in the brain tissues of the nude mice inoculated with tissues of calf 1. However, tachyzoites densities in the pan-creas or lung were much higher than those in brain tissues in the mice inoculated with tissues of calves 2 and 3. Therefore, we used brain, lung, and liver tissues for in vitro isolation from mice inoculated with tissues of calves 3 and 4 and successfully isolated the parasites. Tachyzoite densities in different tissues of the infected mice differed among isolates; therefore, usage of all these tissues for in vitro isolation of Neospora from infected mice may be desirable.
In previous studies, failure of Neospora isolation was partly the result of contamination of cell cultures, especially when autolyzed aborted fetuses were used. 16 Subsequent studies have focused on using fresh tissues from congenitally infected calves for inoculating nude mice.
In the first reported attempt to isolate Neospora from aborted bovine fetuses, only 2 isolates were obtained after a very concerted effort. 3 In Japan, the parasite was successfully isolated from only 1 congenitally infected calf out of 17 aborted bovine fetuses and 7 calves suspected of having neosporosis. 16 In all these studies, maintaining large numbers of tissue cultures was laborious and time-consuming. Therefore, the technique described here may be more convenient and cost-effective.
Significant differences (only 1 dilution difference) in the antigenic reactivities by IFAT of different sera to new isolates (BT2 and JPA2, JPA4, and JPA5), JPA1, and BPA1 were not observed. Further molecular or biological comparisons are required to better characterize these isolates. With this new in vitro isolation technique, it is expected that more Neospora isolates will be obtained in Japan or other countries with reports of bovine neosporosis.
